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Introduction

Characterization of CMCs

Carbon is a very versatile element with various
allotropic forms such as graphite, diamond,
nanotubes and fullerene. While new carbon
structures have been discovered, coiled shaped
carbon fibers, or carbon microcoils (CMCs) might
be potential materials for micro heating element
of cancer treatment, tunable electronics, bioactivators and fillers for composites because
they can absorb MHz and GHz electromagnetic
waves.

Alkaline phosphatase (AP) is a stem cell marker that
is only expressed on the ES cell’s surface. The
undifferentiated ES cell colonies become red. The
differentiated colonies and dead or unhealthy cells
lacking the stem cell marker are colorless.
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Synthesis of Carbon Microcoils
Carbon Microcoils (CMC) were synthesized by
chemical vapor deposition (CVD) technique.
Acetylene as a carbon source with a very small
amount of sulfur compound is necessary for the
synthesis of micro-size coiled shaped carbon
fiber. The flow rates of C2H2, Ar, H2 and thiophene
were 30, 40, 70 and 0.34 sccm, respectively.
Nickel particles were used as a catalyst. The
reaction temperature inside of the quartz tube was
between 610 and 650 °C.

Functionalization
For biological applications, particle dispersion in
water is suitable. Since CMCs are hydrophobic,
functionalization is required. Therefore, CMCs
were oxidized for 12 hours by concentrated nitric
acid to add carboxyl groups on the surface.
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Fig.2 SEM Image of CMCs

JC-1 MMP Assay
JC-1 is a lipophilic and cationic dye to measure the
mitochondrial membrane potential (MMP). In healthy
cells with high MMP, JC-1 forms aggregates with red
fluorescence. In apoptotic or unhealthy cells with low
MMP, JC-1 remains in the monomers with green
fluorescence.
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The average external coil diameter and the
average fiber diameter were 2.4 and 0.9 µm,
respectively. As shown by the X-Ray Diffraction
(XRD) pattern and Micro Raman Spectrum, the
crystallinity of CMCs is fairly low.

Toxicity Testing
The toxicity of oxidized CMCs were evaluated
with Mouse Embryonic Stem (MES) cells
because of the sensitivity to DNA damaging
agents. MES cells were exposed to oxidized
CMCs for 24, 48 and 72 hours. The
concentrations of oxidized CMCs were 5, 25, and
50 µg/ml.
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Fig.6 Confocal Fluorescent Images

Conclusion
Oxidized CMCs didn’t show any toxicity to MES cells
at the cell level, so oxidized CMCs are potential
materials for cancer treatment. However, toxicity
testing at the protein level is necessary.

